Abstract: Many studies suggest that mutans streptococci (MS), Lactobacillus (LB), and salivary buffering capacity are important risk factors for dental caries. However, target populations for most studies were children. In adult patients, the same risk factors affect the number of fillings or prostheses or secondary caries. It is therefore important to investigate these risk factors as predictors of caries in adults. In the present study, we evaluated the oral conditions of adult subjects at private dental offices using bite-wing radiographs. Detection of salivary LB level using Dentocult LB had a statistically significant correlation with the number of flat surface caries and approximal caries (P < 0.001). Detection of salivary MS level using Dentocult MS and salivary buffering capacity did not predict dental caries. Thus, detection of salivary LB level using Dentocult LB may be a useful tool for detecting approximal and secondary caries. (J. Oral Sci. 48, [245][246][247][248][249][250][251] 2006) 
Introduction
Epidemiological studies of risk factors for dental caries have focused mainly on salivary levels of cariogenic bacteria as predictors (1) (2) (3) . It has been suggested that salivary levels of mutans streptococci (MS) and Lactobacillus (LB) correlate with the number of decayed teeth or the number of decayed, filled or missing teeth (DMF) (4) . The group MS includes Streptococcus mutans (S. mutans) and Streptococcus sobrinus (S. sobrinus) and their virulence factors are well known as they exist within an oral biofilm on the tooth surface. Key virulence factors are acidogenicity, acid tolerance and synthesis of water insoluble glucan from sucrose (5-7). Meanwhile, LB does not avidly colonize teeth surfaces, but they may be transiently found in the oral cavity even before teeth erupt. They preferentially colonize the dorsum of the tongue and are carried into saliva by the sloughing of the tongue epithelium (8) . Their numbers in saliva appear to reflect the consumption of simple carbohydrates by the host (9, 10) . LB is highly acidogenic in the presence of carbohydrates, they are acid tolerant (11) , and they are often isolated from established carious lesions (12) . Some LB strains are cariogenic in experimental animals. Their cariogenicity is dependent upon the consumption of carbohydrate rich diets by the animal (13) . It is also known that large amounts of MS and LB inhabit caries lesions (14) . However, a previous study reported that the detection of MS was site specific, while LB was rarely isolated, in early caries (15) . Commercially available chair side kits, Dentocult SM and Dentocult LB, have often been used to estimate levels of these bacteria to evaluate their ability to serve as a predictor of dental caries (16, 17) .
Based on the results of these kits, many studies have predicted the future incidence of dental caries (18) (19) (20) . However, few studies have shown a correlation between the results of these kits and presence of dental caries (4) .
Most study populations for prediction were children (21) (22) (23) , while few studies included adults (24, 25) . This could be due to the fact that the mechanisms of pathogenesis in adults were so much more complicated than children. In adults, secondary caries and root caries occurred more frequently than primary caries. Moreover, smoking and medication which affect the salivary flow, may increase the risk of dental caries (26, 27) . Most studies evaluating oral levels of these bacteria were carried out as field studies. Under such conditions as mass check-ups, precise evaluation of dental caries is impossible. In children and adults, there was no difference in the proportion of LB in saliva (8) . Therefore, adults may have a similar caries risk to that of children. Moreover, root caries in elderly people are due to their having prosthetic crowns, or non-use of interdental brushes and dental floss (19) . Also, in adults, oral conditions are affected by restorations and prostheses. This may make it difficult to evaluate the incidence of new dental caries and dental caries already existing as secondary caries. In our study, dental caries were more precisely evaluated at dental offices with the aid of radiographs. The aim of this study was to evaluate the determination of salivary MS level using Dentocult MS, salivary LB level using Dentocult LB and buffering capacity as clinical indicators of the present dental caries condition, especially in adult patients with complicated oral conditions.
Materials and Methods

Study population and oral examination
The study population consisted of patients attending private dental offices for the treatment of caries. We enrolled 152 adult subjects (67 males and 85 females), who were generally healthy and had good oral conditions. The mean age was 36.1 ± 12.6 years old (age range: 20 to 63 years old). The subjects were informed about the aim of this study well in advance and signed consent forms. At the first visit, the number of decayed, missing and filled teeth (number of DMF teeth for adults) was recorded for each subject after oral examination using light and exploration using dental mirrors according to WHO criteria (28) . Levels of dental plaque were evaluated by O'Leary's Plaque Control Record (PCR) with the aid of disclosing agents. Full mouth oral radiographs were taken using the bitewing method to precisely detect approximal caries (29, 30) . In Japan, conventionally, dental caries are classified according to their progression. We used these criteria and assigned subjects into one of two groups; CA: those who showed demineralization of enamel surfaces and dentinal caries CB: those who showed dental caries extending into the pulp and tooth stumps. We classified dental caries into flat surface caries and approximal caries. The number of teeth involved and the number of surfaces analyzed were correlated with the oral levels of cariogenic bacteria.
Evaluation of cariogenic bacteria and buffering capacity
Stimulated whole saliva samples were obtained from subjects by chewing for 5 min on wax blocks contained in the commercial kits. Salivary levels of MS and LB were estimated by Dentocult SM and Dentocult LB (Orion Diagnostica Co. Ltd, Epsom, Finland), respectively. The time of incubation for Dentocult SM was 48 hours and that for Dentocult LB was 96 hours. Evaluation of MS and LB levels was done using the model chart in the instruction manual. Salivary buffering capacity was evaluated using Dentobuff strips (Orion Diagnostica Co. Ltd, Epsom, Finland).
Statistical analysis
Kruskal-Wallis tests were used to evaluate the correlation between oral conditions and levels of cariogenic bacteria or salivary buffering capacity. We classified dental caries into several groups: primary caries or secondary caries, flat surface caries or approximal caries. Logistic regression analysis was used to evaluate the odds ratios of these factors for dental caries. Multiple logistic regression analysis was carried out to simultaneously evaluate the correlation of each dental caries condition. All of these analyses were carried out using SPSS software Ver. 14.0 (SPSS Co. Ltd Tokyo, Japan).
Results
The correlation between salivary levels of MS, LB, salivary buffering capacity and the number of decayed teeth, missing teeth, or teeth with fillings (DMFT) was determined. As shown in Table 1 , determination of salivary MS level using Dentocult MS was significantly correlated with PCR (P = 0.016). We observed a tendency for the DMFT score to increase with an increase in the salivary levels of MS. Salivary LB level determined using Dentocult LB showed statistically significant correlations with PCR (P = 0.007), DMFT (P = 0.020), number of decayed teeth (P = 0.018) and number of approximal caries (P = 0.005) ( Table 2) . Similar to MS, we observed a tendency for the DMFT score to increase with an increase in LB. Salivary buffering capacity had a significant correlation with the number of flat surface caries (P = 0.004) and approximal caries (P = 0.026) ( Table 3) . Table 1 Correlation of oral conditions and detection of salivary MS level using Dentocult MS Table 2 Correlation of oral conditions and detection of salivary LB level using Dentocult LB Table 3 Correlation of oral conditions and salivary buffering capacity To investigate the correlation of each dental caries condition and salivary levels of these bacteria, dental caries were divided into subgroups: primary caries and secondary caries; flat surface caries and approximal caries.
Some teeth had both flat surface caries and approximal caries. To obviate the problem of confounding, multivariate logistic regression analysis was carried out. As shown in Tables 4, 5 and 6, there were no statistically significant correlations for salivary MS level using Dentocult MS, salivary LB level using Dentocult LB and buffering capacity with primary and secondary caries. Statistically significant correlations were observed between salivary LB level using Dentocult LB and the number of flat surface caries (P < 0.001). Furthermore, to confirm dose response relations, flat surface caries and approximal caries were divided based on their progression (CA or CB). Logistic regression analysis was again carried out. For salivary LB level using Dentocult LB and approximal caries, CB had a statistically significant correlation (P < 0.001). However, in the CA groups the correlation was not statistically significant. For salivary buffering capacity and flat surface caries, CA had a statistically significant correlation (P < 0.030). In contrast, for MS, there were no statistically significant correlations in any group.
Discussion
The primary role of the salivary MS level, determined using Dentocult MS, salivary LB level using Dentocult LB and buffering capacity, is to predict the future incidence of dental caries. Many epidemiological studies have shown the utility of these tests (18) (19) (20) 31) . MS and LB inhabitant Table 4 Logistic regression analyses of MS Table 5 Logistic regression analyses of LB Table 6 Logistic regression analyses of salivary buffering capacity caries lesions and are released in saliva, thus we evaluated the salivary MS level using Dentocult MS, salivary LB level using Dentocult LB and buffering capacity as clinical indicators of the present caries condition. MS play an important role in the development and progression of dental caries (32) . LB also plays a role in progression of dental caries (32) . These bacteria are found in carious teeth. Previous studies have suggested that MS inhabit both deep regions of decayed teeth and the surface of teeth (33) . In contrast, LB colonizes various parts of the oral cavity such as the oral mucosa, tongue dorsum, saliva and tooth surfaces (34) . LB has been detected in high numbers in both superficial and deep caries (35) . It was reported that many species of lactobacilli have been detected in carious dentine (36) . Although these tests have been mostly evaluated in children, in this study we used them to study adults. A previous study reported that factors such as plaque scores, higher counts of MS, and lower buffering capacity contributed significantly to the higher risk profiles for adults compared to children (25) . Based on the results of these studies, we evaluated MS, LB and buffering capacity as clinical indicators of the present dental caries condition in adult patients.
As the results of this study indicate, salivary MS level determined using Dentocult MS had no significant correlation with the number of approximal caries or flat surface caries. This may be because this bacterium is not always released into saliva on chewing and salivary levels of MS may not always represent actual tooth conditions. The salivary buffering capacity had no significant correlation with the number of caries (Tables 3 and 6 ). It is conceivable that salivary buffering capacity depends on the acidogenicity of bacteria including MS. On the other hand, salivary LB level determined using Dentocult LB did correlate significantly with the number of both flat and approximal caries. Some studies reported that the salivary level of LB is an important factor that predicts the incidence of root caries in elderly populations (37, 38) . In our study, the ages of the subjects ranged from 20 to 63. There are also reports that the prevalence and incidence of root caries in elderly people are higher than in younger people (39, 40) . For adults, it is necessary to evaluate caries differently from children. For example, in adults one needs to consider the prosthetic restorations and periodontal status. In the present study, we substantiated the finding that LB detected in various parts of the oral cavity has a bearing on caries.
In conclusion, we found a correlation between salivary LB level determined using Dentocult LB and flat surface caries for several stages of caries. LB is not required for the development of lesions. Nonetheless, they may potently contribute to the demineralization of teeth once lesions are established on teeth. Salivary levels of LB may correspond to the stage of caries. In addition, clinically, secondary caries and approximal caries often remained unnoticed. Determination of the salivary LB level using Dentocult LB could be a useful tool to aid the detection of approximal and secondary caries.
